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Specification 

1. Title of the Invention 

Drive Circuit 

(1) A drive circuit, characterized in that it comprises a P channel MOS 
transistor wherein the source has been connected to a first power source 
potential, and an N channel MOS transistor, which has been inserted and 
connected between the drain and the grounding terminal of this P channel MOS 
transistor, and in that it guides the output signals from the second power source 
circuit, which is actuated at a second power source potential lower than said first 
power source potential, as the gate input of these transistors, with the threshold 
voltage of said P channel MOS transistor being equal to or greater than the 
difference between said first power source potential and said second power 
source potential. 

(2) The drive circuit according to claim 1 , further characterized in that a 
CMOS inverter is formed by connecting the drain of said P channel MOS 
transistor and the drain of [said] N channel MOS transistor. 

(3) The drive circuit according to claim 1 , further characterized in that 
said CMOS inverter is used for a semiconductor memory and row decode signals 
are supplied as its input and word lines are driven by its output. 

(4) A drive circuit, characterized in that it comprises an NOR gate with 
which a first and a second P channel MOS transistor are connected serially, with 
one end set at a first source potential and the other end grounded with a first and 



a second N channel MOS transistor in between by parallel [connection], and first 
output signals from said second power source circuit are guided by connecting 
the gates of the first P channel MOS transistor and the first N channel MOS 
transistor, and second output signals from said second power source circuit are 
guided by connecting the gates of the second P channel MOS transistor and the 
second N channel MOS transistor, and in that at least one of the threshold 
voltages of said two P channel MOS transistors is equal to or greater than the 
difference between said first power source potential and said second power 
source potential. 

(5) A drive circuit according to claim 4, further characterized in that 
said NOR gate is used in a semiconductor memory in which the memory cell 
array has been divided into multiple block rows, said first output signals are.row 
decode signals, said second output signals are block row selection signals for 
selecting said multiple block rows, and word lines common to the memory cell 
are driven by the output of the NOR gate. 

(6) A drive circuit according to claim 1 , further characterized in that 
said second power source potential is generated by a constant- voltage circuit, 
which is actuated at the first power source potential. 

3. Detailed Description of the Invention 
[Technical Field of the Invention] 

The present invention relates to a drive circuit that is used in the row 
decoder circuit of dynamic random access-type semiconductor memories, etc. 



[Technical Background of the Invention] 

The amount of charge held by memory cells has decreased due to the 
refinement of memory cells that has accompanied large-capacity dynamic 
random access memories (DRAM hereafter) and this has created problems in 
that soft errors occur with a-ray irradiation and the reading speed is delayed. 
Therefore, conventional DRAMs use capacitive coupling as shown in Figure 1 in 
order to increase the amount of charge held by the memory cell. That is, 1 
through 4 are N channel enhancement (E) transistors of a row decoder circuit 
and 5 is the dynamic memory cell, which is made from N channel E-type 
tra~nsistor 6 for a transfer gate and memory capacity 7. WL is the word line and 
BL is the bit line. Vdd is the power source potential, <j> is a block signal, and R A 
and Rb are both row decode signals. V D d potential is applied to the gates of 
above-mentioned transistors 1 and 4, signal R A is applied to one end of 
transistor 1, Rb is applied to one end of transistor 4, and signal <|> is applied to one 
end of transistor 2. 

— Now, when memory cell 5 is selected, first, signals Ra and R B are brought 
to high potential (V D d) and transistors 1 and 4 are brought to a conducting state 
(ON). At this time, the potential VPi of junction P between transistors 2 and 3 
and potential VWLi of word line WL becomes 

Here, VTH 4 and VTH 3 are the respective threshold voltages of transistors 4 and 3, 
which have a back gate bias effect. 



Moreover, the potential V Q of junction Q between transistors 1 and 2 
becomes 

Here, VTHi is the threshold voltage of transistor 1 , which has a back gate bias 
effect. Next, block signal § is applied (in other words, it is changed from ground 
potential to V t = V D d + 2 v). The input terminal of this block signal (j>and above- 
mentioned Q are coupled at capacity Ci, above-mentioned Q and above- 
mentioned P are coupled at capacity C 2 , above-mentioned P and illustrated R 
are coupled at capacity C 3 , and above-mentioned R and word line WL are 
coupled at capacity C 4 and therefore, the potential of above-mentioned Q, P, R 
and word line WL rises due to these capacitive couplings. Figure 2 shows 
changes over time in the potential V W i_ of above-mentioned word line WL. Before 
block signals ^ are applied, V W l is VWLi of above-mentioned formula (1 ) and 
after block signals $ have been applied, V W l becomes almost (potential of 
block signal <j>). For instance, when V D d = 5 V, VWLi ~ 2 V and z 7 V. Thus, 
word line WL~is brought to the above-mentioned potential of approximately 7 V 
by application of block signal and writing and reading of memory cell 5 are 
performed. At this time, capacity 7 of memory cell 5 is charged to a potential of 
Vwl - Vthn (threshold voltage of transfer gate 6, approximately 2 V) ~ 5 V and is 
read at 5 V. 

[Problems of Prior Art] 

However, as previously described, there is a disadvantage in that the 
circuit structure has been complicated by the increase in the amount of charge of 



the memory cell capacity as a result of increasing the word line potential by 
capacitive coupling when block signals are applied, there is a disadvantage in 
that a large capacity is needed for coupling, and therefore, there is an increase in 
the surface area occupied on the memory chip, and there is a disadvantage in 
that the access time of the word line is prolonged by capacitive coupling. 
[Object of the Invention] 

The present invention is in light of these facts, and it presents a drive 
circuit with which the circuit structure is simple, the surface area occupied on the 
semiconductor chip is small, and the output line can be driven at high speed. 

[Summary of the Invention] 

That is, the present invention is characterized in that it comprises a P 
channel MOS transistor wherein the source has been connected to a first power 
source potential, and an N channel MOS transistor, which has been inserted and 
connected between the drain and the ground terminal of this P channel MOS 
transistor, and in that it guides the output signals from a second power source 
circuit, which is actuated at a second power source potential that is lower than 
said first power source potential, as the gate input of these transistors, with the 
threshold voltage of said P channel MOS transistor being equal to or greater than 
the difference between said first power source potential and said second power 
source potential. 

By means of this type of circuit structure, the P channel transistor is ON 
and the N channel transistor is OFF when the gate input is at low potential 
(ground potential), and the output line that is connected to their drain is charged 



at high speed from the ground potential to the first power source potential and it 
is driven at elevated voltage. Moreover, the N channel transistor is ON and the P 
channel transistor is OFF when the gate input is at high potential (second power 
source potential), and the above-mentioned output line is high-speed discharged 
to ground potential and it is driven at reduced voltage. Moreover, capacitive 
coupling and block signals § are not used and therefore, the circuit structure is 
very simple and the surface area occupied on the semiconductor chip is small. 
[Examples of the Invention] 

An example of the present invention will now be described in detail while 
referring to the drawings. 

5 in Figure 3 is a DRAM memory cell. Referring to Figure 1 , it comprises 
transfer gate 6 and memory capacity 7, as previously described, and WL is the 
word line and BL is the bit line. 30 is the CMOS inverter comprising a CMOS 
transistor (complementary insulation gate-type transistor), and it is used as a 
drive circuit with which the above-mentioned word line WL is driven by row 
decode signals RC. That is, the source of P channel enhancement-type 
transistor 31 is connected to the first potential, the VDDi potential, and the 
source of N channel enhancement-type transistor 31 is connected to the Vss 
potential (ground potential), while the drains of both of the above-mentioned 
transistors 31 and 32 are connected together as well as to above-mentioned 
word line WL, and each gate is connected and row decode signals RC are 
applied.. 



Moreover, said row decode signal RC is made from a second power 
source system of power source potential VDD 2 that is lower than the power 
source potential \/DD<\ of the above-mentioned first power source system and 
changes from V S s (0 V) to VDD 2 . In this case, the VDD 2 potential is generated by 
a constant-voltage circuit (not illustrated) that is actuated by a first power source 
system. 

Next, the actuation of the above-mentioned drive circuit will be explained. 
Now, when row decode signal RC is of low potential (Vss), P channel transistor 
31 is in the conducting state (ON) and N-channel transistor 32 is in the non- 
conducting (OFF). Consequently, the potential V W l of word line WL becomes 
VDDi. In contrast to this, when row decode signal RC is of high potential (VDD 2 ), 
N channel transistor 32 is ON and P channel transistor 31 is OFF because its 
threshold voltage Vthp has been pre-set to_ 

Consequently, the potential V W l of the word line WL becomes Vss- Changes 
over time in the.potential V W l of this word line WL are shown in Figure 4. 

That is, by means of the above-mentioned drive circuit, high-speed access 
of word line WL from low potential (Vss) to high potential (VDDi) is possible 
without using the above-mentioned capacitive coupling. Therefore, this circuit 
structure is extremely simple and a large capacity for coupling is not necessary 
and thus, the surface area occupied on the memory chip is small. 

Next, an example of application of the present invention will be described 
while referring to Figures 5 and 6. 11 in Figure 5 is the DRAM memory cell array 



and it is equally divided into four blocks of, for instance, first block 1 1 1 through 
fourth block 1 1 4 . 12 is the row decoder circuit and is actuated by a second power 
source system of VDD 2 potential. 13 is the inverter that inputs row decode signal 
RD inside above-mentioned row decoding circuit 12, and it sends word line drive 
signals WD that change between the V ss potential and the VDD 2 potential to 
common word line 14. This common word line is connected in common to each 
of above-mentioned block rows 1 1 1 through 1 1 4 . On the other hand, 1 5 is the 
block row selection circuit and is made from an inverter that is actuated by the 
second power source system at the VDD 2 potential. Decode signals CD for block 
row selection are input and block row selection signals SD, which change 
between the V S s potential and the VDD 2 potential, are output. Moreover, a word 
line drive circuit consisting of NOR gate 60 as shown in Figure 6 is set up at 
each of the above-mentioned block rows 1 1 ^ through 1 1 4 for high-speed 
selection of both word line WL and memory cell 5 at each block row. That is, the 
word line drive circuit in Figure 6 is actuated by the first power source system. 
First and second P channel transistors 61 and 62 and first N channel transistor 
63 are connected serially between the VDD-i potential terminal and the V S s 
potential terminal and second N channel transistor 64 is connected parallel to this 
first N channel transistor 63. Moreover, word line drive signals WD of above- 
mentioned common word line 14 are guided to each gate of above-mentioned 
transistors 61 and 63, above-mentioned block row selection signals SD are 
guided to each gate of transistors 62 and 64, and word [line] WL inside each 
block row is connected to the mutual junction of each drain of transistors 62, 63, 



and 64. Furthermore, threshold voltage VTP, of above-mentioned transistor 61 
and threshold voltage VTP 2 of transistor 62 are equal to or greater than the 
difference between VDDi and VDD 2 . 

Consequently, when the signal WD of common word line 14 is at the low 
potential (V S s) and the block row selection signal SD is at the low potential (V S s), 
transistors 61 and 62 are ON and transistors 63 and 64 are OFF and word line 
WL is brought to the VDDi potential and the selection of memory cell 5 is 
performed. In contrast to this, when the signal WD of common word line 14 or 
the block row selection signal SD is at high potential (VDD 2 ), transistor 61 or 62 
is OFF and transistor 63 or 64 is ON and word line WL is brought to the V S s 
potential and is in a state of non-selection. 

Furthermore, at least one threshold voltage of P channel transistors 61 
and 62 of the above-mentioned NOR gate can be > VDDi - VDD 2 . 

In addition, modification is also possible whereby a block row selection 
circuit is set up corresponding to each block row 1 1 1 through 1 1 4 in Figure 5 and 
selection signals SDi (i = 1 through 4) are guided from the corresponding block 
row selection circuit as one output of the above-mentioned NOR gate at each 
block row. 

Furthermore, the use of the present invention is not limited to the DRAM 
used in the above-mentioned example and the example of application. It can also 
be used with a static RAM or EPROM (electrically programmable read only 
memory) having 2 power source systems with an internal power source potential 
(VDD 2 ) of, for instance, 3 V, etc. 
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Furthermore, the use of the present invention is not limited to the above- 
mentioned drive circuit for word lines. It can also be used for semiconductor 
integrated circuits with which the internal circuit is actuated at, for instance, 3 V 
and the input-output circuit is actuated at 5 V. That is, for instance, CMOS 
inverters 71 and 72 of the data output circuit shown in Figure 7 are actuated by a 
VDD 2 power source system and CMOS output buffer 72 is actuated by a VDDi 
power system and output line 75 can be set at the V S s potential and the VDD^ 
potential by making the threshold voltage of P channel transistor 74 equal to or 
greater than VDDi (for instance, 5 V) - VDD 2 (for instance, 3 V) at this output 
buffer 73. 

[Results of the Invention] 

As previously described, by means of the drive circuit of the present 
invention, the circuit structure is simple, the surface area occupied on the 
semiconductor chip is small, and high-speed driving of the output line is possible. 
Therefore, it is ideal for use as the word line drive circuit of a semiconductor 
memory, etc. - 

4. Brief Description of the Drawings 

Figure 1 is a circuit diagram showing part of a conventional DRAM; Figure 

2 is a graph showing changes in the potential of the word line of Figure 1 ; Figure 

3 is a circuit diagram showing an example of the drive circuit of the present 
invention; Figure 4 is a graph showing changes in the potential of the word line 
in Figure 2; Figure 5 is a schematic representation showing the main parts of a 
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semiconductor memory that represents an example of application of the present 
invention; and Figures 6 and 7 are circuit diagrams showing other examples of 
the present invention. 

30 is a CMOS inverter; 31, 61, and 62 are P channel transistors; 32, 63, 
and 64 are N channel transistors; 60 is an NOR gate; WL is a word line; RC is a 
row decode signal; VDDi is a first power source potential; VDD 2 is a second 
power source potential; and VTP, VTPi, and VTP 2 are threshold voltages. 
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